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The motor performance of
preschool-aged children
after surgery for congenital
heart disease
This study compared the. motor performance of
preschool-aged children who had undergone
surgery for congenital heart disease with that
of a group of children matched for age, sex,
preschooIexperience, radaIand socio-eeonomic
background.
Analysis of the results Indicated that the
performances of the children with congenital
heart disease were significantly immature
compared to the .performances of the control
children on the total assessment and in the
areas of gross motor, muscle strength,fine
motorl tone and postural. reactions.
Sex, age at first surgical intervention and
presence afa cyanotic heart defect did not
influence the performances of the study group
chiIdren. Age atassessmentandsocio-economie
background were found to influence motor
performances. The need for physiotherapists to
be involved in the follow-up of children with
congenital heart disease is supported.
[Box R, Burns Y: The motor performance of
preschool-aged children after surgery for
congenital heart disease. AustralianJournal of
Physiotherapy 36: 234-242,1990]
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rowth and development have
been documented as being
seriously delayed in many
children with congenital heart disease
(CHD) (Brunberg et a11974,
Rosenthal and Castenada 1975).
Aisenberg et al (1982) suggested that
the delay in motor development during
the preoperative period in·children
withCHD was due to the level of
hypoxaemiaassociatedwith the defect.
These authors also suggested that
differences in the intellectual -
development of the· children with
eRD were related to the congestive
heart failure.
Rosenthal andCastenada (1975)
proposed that the differences from the
normal in height, weight, intellect and
motor skills demonstrated by children
with heart defects may be related to
the type of cardiac malformation, the
length of time prior to surgical
intervention, the degree of hypoxaemia
or congestive heart failure (CHF)
suffered and the number and/or length
of hospitalisations.
Wright et al (1979) found that
children with CHD had a high
incidence of continuing moderate
developmental immaturity up to 15
months after surgery, associated with
persistent slow growth, fatigue and
inca-ordination. Meanwhile, Rosenthal
and Castenada (1975) and Sinclair
(1985) suggested that the presence of
persistent developmental problems
after surgery may be related to a
number of factors.
These could be genetic factors,
residualhaemodynamic diSQrders,
sequelae ofsurgery, age at initial
surgery, the presence of other
syndromes, extracardiacabnormalities
or lack of tissue multiplication during
infancy.
This study was undertaken in order
to investigate the motor and
neurodevelopmental outcome of a
group ofpreschool children who had
undergone cardiac surgery and the
influence of such factors·as presence of
a cyanotic heart defect, age at initial
surgery and age at assessment, sex and
socio...,economic background on their
motor performance.. Asa result of this
study, it·was hoped to establish the
need for early assessment and
identification of those children who
may benefit from appropriate
physiotherapy intervention.
Method
Eighteen children of both sexes aged
between 42 and 64 months with a
history ofsurgical intervention for
congenital heart disease were admitted
to the study. A history of prematurity,
complicated birth history, diagnosed
syndromes, other medical conditions,
mental retardation or known
neurological sequelae resulted in
exclusion from the study.
Eighteen children without evidence
..
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Congenital 18 54.3 6.118
heart defect
.,. .,. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0.000 NS
Control 18 54.3 6.731
T t-value from two-tailed t-test
N number of subjects
DF degrees of freedom
NS not significant
Mean ages and standard deviations for study and control group subjects
Table 1
A rating scale which ranked each
child's performance on each test item
as markedly immature, moderately
immature, mildly immature or normal
was used. Information concerning the
parents'occupations, racial origins and
the child's preschool attendance were
collected after the assessment was
completed.
The control group children were
selected at random from the ro11sof
local preschools. Letters of
explanation, questionnaires to obtain
medical and social details and consent
forms were sent home. ·Once the
remaining details and relevant
inclusion/exclusion criteria were
confirmed, the children were assessed
by the physiotherapist in a quiet room
with at least one parent or familiar
teacher present.
The test items which assessed fine
motor skills were presented first,
followed by sensorimotor, tone, gross
motor and strength with postural
reactions being tested last. This
ordering of the test.items was done to
create positive attitudes to the
assessment in the children.
Data management
The null hypothesis for the study was
that there were no differences between
performances on the motor assessment
of the children with and without
congenital heart disease. The alternate
hypothesis was stated to be that the
motor development· of children with
congenital heart disease would be
delayed or immature when compared
with that of the control children.
Although the·rating scale could only
be definitely said to be ordinal, the
number of subjects and the use ofthe
sum scores for sections of the
assessment allowed the data to be
assumed to be of normal distribution
under the Central Limits Theorem
(Pagano 1981, Miller 1984).
Therefore, the use of the dependent
and independent t-tests was warranted.
The one-tailed dependent t-test was
used to test the alternate hypothesis in
the areas of gross motor, fine motor,
sensorimotor, strength, tone, postural
reactions and the total assessment.
The sections of behavior and
SIGNIF-
ICANCE
(OF = 35)
T
A summary of the study subjects'
medical and surgical details is provided
in Table 2. Of the study children, 83
per cent had undergone their last
surgical intervention at least two years
prior to assessment, with 61 per cent
having had their last surgeryat least
three years previously.
In 72 percent, corrective surgery had
been performed by the· time of the
study assessment. In the remaining 28
per cent, the surgery had been
palliative. The weights·of all the
children with heart disease were below
the 75th percentile for their age and
sex. In 28 per cent of the children,
weights were below the third
percentile.
Procedure
The parents of the study group
subjects. gave informed consent for
their children to participate when they
attended for an outpatient
appointment. Each child was assessed
once in a number of areas ofmotor
development using a four..;point ordinal
rating scale. Test items were
performed in accordance with
previously.,.established test procedures
for three- to five-year-old children
(Appendix 1).
STANDARD
DEVIATION
AmAN
(MONTHS)
NGROUP
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of congenital heart disease were
randomly selected from an.age-
appropriate population and were
matched to the study group subjects on
age, sex, preschool experience, socio-
economic status (Congalton 1969) and
racial background. A past history of a
major accident, injury or illness
requiring.hospitalisation resulted in
exclusion from the control group.
Fifteen subjects were matched within
three months of age and the remaining
three subjects were within four months
ofage. Table 1 shows the mean ages
and standard deviations for each group
ofsubjects. It reveals no significant
differences between the ages of
subjects in each group.
All subjects were matched forage, sex
and racial background. Five subjects
could not be matched exactly for socio-
economic status and three of these five
subjects were unable to be matched
exactly for preschool experience. The
level of statistical significance obtained
for the difference between the groups
did not change when the information
on these five subjects was included or
excluded from the analysis ofthe
results.
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T ofF -tetralogy of fallot
symmetry were analysed using the t-
test after the substitution of transform
values (Table 20 in Fisher and Yates
1963). A combination of dependent
and independent two-tailed t-tests was
used to determine any differences
between the subjects on the basis of the
presence of cyanosis, age of
assessment, sex, socia-economic factors
and age at first operation.
To test for reliability, five subjects
were independently assessed at the
same time by the author and another
physiotherapist practised in the
neurodevelopmental assessment of
four-year-old children. When the
dependent t-test was used under the
conditions outlined previously, no
significant differences (p> 0.05) were
found between the scores recorded by
each assessor for the performances
exhibited by the children on any
section or the total assessment. This
indicated good inter-rater reliability.
Repeatability trials were not
conducted, as the results could have
been influenced by the effect of
learning on performance.
Results
The first aim of this study was to
investigate the differences between the
performances of the two groups of
children. From the summary of the
results of this analysis as presented in
Table 3, it will be noted that the scores
for the total motor assessment of the
congenital heart defect group were
significantly different from those of the
control group (p< 0.001).
The scores for the congenital heart
defect group were also significantly
different in the areas of gross motor
and muscle strength (p< 0.001) as well
as in fine motor, tone and postural
reactions (p< 0.01). On the basis of the
rating scale of least mature to most
mature, the difference in the scores
reflected the more immature or
delayed motor performances of the
congenital heart disease group.
These results support the alternate
hypothesis presented earlier; that is,
the motor performance of children
after surgery for heart defects is
delayed or immature when compared
~
-ventricular septal defect
-pulmonary stenosis
-patent ductus
arteriosus
-artrial septal defect
-patent foramen ovale
-pulmonary artery
-two years since last
operation
-three years since
last operation
-corrective
-palliative
Age at No. of Final
first opera- pro-
operation tions cedure
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C
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to the motor performance of a
matched control group.
The possible influence of age was
evaluated by dividing the subjects of
each group into sub-groups on the
basis of age at assessment. The mean
age "(54 ffi<?nths) was 'chosen as the
.diviHing point of the age range. "Wben
the two study sub-groups were
compared with each other, no
significant differences could be found
between the performances of subjects
on any s~ction or the total assessment.
Howe~er, when the two control sub-'
groups were compared, significant
differences were found between the
performances of the older and younger
subjects on the total assessment and
the sections of gross motor, fine
motor, sensori-motor and muscle
N
*
NS
X
SE
=
=
strength (Table 4).
No significant differences in motor
performance were demonstrated
between the sub-groups of study
subjects when they were divided on the
basis of the presence of a cyanotic
heart defect, sex or 'lge at first surgical
intervention~ However, when the
performances of the subjects in the
above sub-groups were compared to
that of their matched controls, those
subjects who were male, had cyanotic
heart defects or had required initial
surgical intervention under three
months of age did less well on the
motor assessment.
When the study subjects were divided
on the basis of age at assessment plus
the presence ofa cyanotic heart defect,
the results of the dependent t-test
showed that the older cyanotic subjects
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were significantly delayed in their
performance for the total assessment
and in the specific areas of gross
motor, fine motor, sensori-motor,
muscle strength and postural reactions
compared with their matched controls
(Table 5).
The four younger subjects with
cyanotic heart defects and the three
younger acyanotic subjects were found
also to be immature in the area of gross
motor development compared to
matched control subjects but not in
any other section of the assessment.
The four older aeyanotic children were
not significantly different in their
performance on any section of the total
assessment when compared with their
matched controls. The influence of
differences in the number of children
in each sub-group needs to be
considered and will be discussed later.
Children in the study group and the
control group were divided on the
basis of parental background. The
Congalton scale (1969) was used to
divide the subjects into sub-groups.
Higher socia-economic groups ABC
(Congaltan 1969) were grouped as A
and the children of parents from lower
socia-economic groups CeD
(Congalton 1969) were grouped B.
Within the study group, the
performances of the subjects from
higher socia-economic backgrounds
were found to be less mature on the
total assessment (p< 0.05). More
detailed analysis of results revealed that
the performances of the study children
from higher socia-economic
backgrounds were less mature in the
specific areas of gross motor, postural
reactions (p< 0.05) and muscle strength
(p< 0.01) when compared with the
performances of the study children
from lower socia-economic
backgrounds~Similar differences were
not found in the control group.
Discussion
In this study, children with heart
defects demonstrated immaturity in
developmental performance on the
total motor assessment when compared
with their matched controls but the
developmental delay exhibited by the
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children with CHD was most
pronouncecl in the areas of gross motor
performance ancl muscle strength.
In 1981, Gonzalez-Pardo et al
reportecl finding that the gross motor
section of the Denver Developmental
Screening Test was the area most
commonly failed by children with
congenital heart disease.
The activities in the gross motor
section of this assessment were selected
to represent a composite of functions
and abilities from a number of areas of
motor development. These activities
were reliant upon the aclequate
development of the sensory systems,
muscle strength and ,balance reactions.
Inadequate development in any of
these areas is likely to result in
immaturity in the performance of the
gross motor activities.
The children with heart defects were
found to have weaker muscles than
their matched controls in this study.
This muscle weakness was present in
children with both cyanotic and
acyanotic heart defects but was more
pronounced in those with cyanosis.
These findings are consistent with
those of Cheek et al (1966) who
reported a decrease in the muscle cell
size and number in children with
congenital heart defects. They
reported that this difference became
more pronounced in those children
with cyanosis.
The age at initial surgical
intervention did not affect the muscle
strength of the heart group subjects.
This is not surprising as many of the
first operations were palliative
procedures to relieve, but not remove,
the hypoxia. Growth and experience
may have continued to be slow in the
post-operative period when the
hypoxia was relieved but not fully
corrected. On the other hand, the
control group demonstrated a
significant difference between the
strength of the younger and older
children, a difference which was not
reflected in the study group.
No differences could be
demonstrated between the muscle
strength of male and female subjects
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Table 5
The performances of the oldercyanoticsubiects comparedvviththeirmatched
controls
The children with congenital heart
disease demonstrated immamrity in
the development of their postural
reactions when compared with their
matched controls. Palisano (1988)
suggested that righting reactions
develop in the first six months of life as
a result of tactile, proprioceptive,
vestibular and visual input. It is
therefore possible that the
development .of these reactions in ·the
CHD children may have been
interrupted by repeated
hospitalisations, degree ofhypoxia or
illness associated with the CHD,
reduced muscle strength and
movement experience or even
overprotectiveness by parents during
that important period ofdevelopment.
Two ofthe children with heart
defects were attending special
preschools at the time of the
assessment because of their inability to
cope in the normal preschool
environment. This does not necessarily
indicate an abnormality in their
intel1ecmal development, as
disturbances in motor development
may manifest as difficulties in coping
as·well as in learning and school
performance (Denhoff et a11972,
Steinberg and Rendle-Short 1977,
Strangler etal 1980, Drillien et al
1988).
The fine motor development of
children with CRD was immature
compared to that of children the same
age. The control group demonstrated
that the older children had more skill
in the fine motor area but this increase
in skill was not found to be present in
the CHD subjects, indicating a further
lack ofexpected development with age.
Ounstedetal (1979) found that
preschoolers exhibited better fine
motor skills than non-preschoolers at
four years of age.
Three of the study group subjects
were not attending preschool and
could not be matched for age and
preschool experience. Statistically,
however, there was no difference in·the
level ofsignificance when they were
excluded from the analysis and thus the
lack of preschool experience in these
three subjects did not influence the
poorer performance scores of the
~CHD displayed a definite difference
from their matched control group in
their responses to testing of basic
muscle tone and deep tendon reflexes.
Hypotonia and depressed tendon
reflexes were a frequent finding.
Touwen (1 979) reported that tendon
reflexes maybe hard to elicit in three
to four-year-old children and the
absence of a response at this age does
not necessarily indicate abnormality.
However, in this·study, the difference
between study and control groups
reached statistical significance.
A delay in the integration of
asymmetrical tonic neck reflex
(ATNR) was a frequent finding in
children withCHD. In some of the
study subjects, the ATNR actually
interfered with their performance in
motor activities.
numh~r·.of··paits.ofsubjects
one-taileddependelltt-test
not· significant
mean differenceofsulll· scores· for each pair ofsubjects
standard. ertorofthe differences of sum scores for each pairof
m~~ ..-
degrees of freedom
ordinal traIlsf6tnl value
DF=
*
N =
NS=
X ==
SE =
SECTION X SE T* Significance
(N=7) (DF=6)
GROSS MOTOR -6~43 1.088 ~5.909 .p<O.OOl
FINE MOTOR -2.57 0.841 -3.057 P< 0.05
SENSORI -3.43 1.541 -2.225 p<0.05
MOTOR
STRENGTH -4.43 1.510 ;..2~934 p<0.05
TONE ;..2.43 1.412 -1.720 NS
POSTURAL -10.57 4.364 ~2.423 p<O.05
REACTIONS
BEHAVIOUR' -O~10 0.190 ;..0.548 NS
SYMMETRY' -0.10 0.10 -l~OO NS
TOTAL ~30.14 8.043 ~J,,748 p<O.Ol
but the male eRD subjects were
weaker in comparison to their matched
controls. Cheek (1968) reported that
femaleCHD subjects had fewer and
smaller muscle cells than males. The
finding that male children with CHD
tended to have a greater muscle
weakness is contrary to expectations
from the previous studies. In seeking a
reason for this finding of muscle
weakness, it maybe ·considered that it
could be due to reduced movement
experience, early onset of fatigue, or
poor cardiovascular endurance and
exercise int01erance.
The items used for the assessment·of
muscle tone were selected from the
standard neurological examination
(Touwen 1979). The subjects with
from Page 239
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children withCHDdefects.
In the sensorimotor area of the
assessment, no differences were
demonstrated between the two groups
of children. The older cyanotic
children were the only sub-group who
demonstrated immaturity in the
sensorimotor area when compared to
their matched controls. This suggests
that the delay in this area may become
more pronounced with increasing age.
However, as sensorimotor
discrimination. is rapidly developing at
the age of the five years - the age of
the older subjects in this study - it
may be difficult to determine whether
differences from the normal in the
children·assessed in this study are real
or·just a reflection ofgeneral motor
immaturity.
In the control group, the
performances of the older children
compared to the younger children
were more mature in the areas of gross
motor, fine motor, sensorimotor,
strength and the total assessment.
These differences, however, were not
evident between the different age
groups ofeHD children.
This further supports the previous
suggestion ofpoorer performance with
increasing age in the CHD children.
The older aeyanotic children did not
display any differences in their motor
development when compared with
theircontrols. Although there were
only small numbers in these sub-group
categories, it does seem to suggest that
post-surgicalacyanotic children may
continue to improve in their motor
skills over time.
Children with documented
neurological sequelae were excluded
from the study. Therefore, the lack of
any difference in the symmetry of
gross motor performance is not
unexpected. However, it became
apparent during the assessments that
children with heart defects tended to
take longer to complete the tasks and
required more instructions or
demonstrations to perform the test
activities. The length of time taken
may have reflected the need for rests
after activities to allow the CHD
children to recover, or a greater
dependence on theadult(s) present.
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The study children also tended to be
more distractible during the
assessment.
This study has demonstrated that a
higher socia-economic background
was associated with less maturity in the
motor performance of children with
CHD. This finding was contrary to
expectations (Haka-llse et.a11978 and
Ounstedet aI1979), but the small
numbers in the sub-groups must be
borne in mind when considering this
result.
Many factors may have influenced the
delay in the development of.children
with CHD whose parents had
occupations £rom a higher socio-
economic level. It is worth considering
whether it may have been due pardy to
overprotectiveness of the parents
leading to reduced movement
experience, differences in the time
spent with the child due to
occupational commitments, the
number of children in the family, or
the child's place in the birth order. ·It
was not within the scope of this study
to identify if any·of these were
contributingfactors.
The majority (72 per cent) of the
children with· CHDhad received
surgical correction by the time of their
motor.assessment. The.last surgical
intervention had been performed at
least three years previously in 61 per
cent of the study group subjects.
However, the immaturity in· motor
development was still evident at
preschool age which was sometime
after surgical correction or palliation.
From the results of this study,it
appears that the alleviation of
symptoms or increasing time from
correction does not reverse the effects
of congenital heart disease on motor
development. Some children with
heart defects may have a continuing
motor developmental delay at school
age which may manifest as co-
ordination, learning or behavioral
problems.
Future research studies will need to
include a greater number of children to
permit larger subject sub-groups to be
investigated, thus.allowing the
influence of the many variables
associated with congenital heart disease
to be studied. In future, such research
should involve a multi-disciplinary
team to assess the growth and
development of these children. It is
obvious that physiotherapists should be
part of the multi-disciplinary team
involved in the long-term follow-up of
children with congenital heart defects.
Conclusions
This study has· confirmed that
preschool-aged children with
congenital heart defects have motor
developmental delay persisting two or
more years after corrective surgery
when compared with a matched group
of children. The older children with
heart defects in the sample showed
more delay in their motor
performances than the younger
children.
The findings support the need for
physiotherapists to be included in the
multi-disciplinary team in the long
term follow-up of children with
congenital heart defects. so. that
problems may be identified early and
appropriate early physiotherapeutic
intervention implemented.
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